Objectives-Although prison employees share the same tuberculosis (TB) risk environment with prisoners, the magnitude of TB problems among prison employees is unknown in most resource-limited prisons. This survey was conducted to investigate the prevalence and correlates of tuberculin skin test (TST) positivity among employees in Malaysia's largest prison.
INTRODUCTION
Tuberculosis (TB) remains a significant occupational hazard, affecting personnel working in environments with high TB prevalence. 1 Settings such as healthcare institutions, drug treatment centres, mines, prisons and other congregate settings, particularly in low and middle income countries (LMICs), facilitate TB transmission among residents and employees alike. [1] [2] [3] [4] [5] Delayed diagnosis of infectious cases, poor implementation of TB control measures and concentration of individuals at high risk for TB are major contributory factors to the high burden of TB in congregate settings, where healthcare resources are generally suboptimal. [6] [7] [8] Owing to poor deployment of infection control measures in these facilities, reinfection, in addition to reactivation of latent TB infection (LTBI), plays a major role in the development of active TB disease, and hence persistence of TB among individuals in these settings. 910 TB transmission is further fuelled in prisons where individuals with HIV are also concentrated, primarily due to criminalisation of people who inject drugs, thereby placing large numbers of individuals with suppressed immune systems who are not only at increased risk of acquiring TB, but also at risk of progressing to active TB disease. 11 Eventually, through frequent movement of their residents, these 'pockets of high TB transmission' amplify TB, including the more dangerous drug-resistant form, in the general population and sustain TB epidemics in these settings, where resources are limited. 101213 The elevated risk of TB infection and active disease among healthcare workers (HCWs) in LMICs is well established, with overall high LTBI prevalence (54%, range 33-79%) and annual TB disease incidence (69-5780 per 100 000 population). 3 Another occupationally exposed risk group (staff of a homeless shelter) showed similarly high (47.1%) prevalence of LTBI in a low TB burden country, Italy, where the prevalence of LTBI in the general population remains very low. 4 Prisons, documented reservoirs for TB, facilitate TB transmission within their walls and to the general population given the porous nature of these settings, with many inmates and prison employees entering and leaving these facilities daily. 614 Consequently, TB prevalence in prisons is generally high among inmates and is estimated to be up to 100 times higher than that in the general population. 6 Moreover, prisons with limited implementation of TB control measures contribute to transmission of multidrug resistant TB (MDR-TB) to their respective communities. 61213 In some regions, especially countries of the former Soviet Union, incarceration stands alone as a major contributory factor to the growing epidemics of TB and MDR-TB in the free community. 15 Prison employees become at particularly high risk for TB due to prolonged exposure to inmates in poorly ventilated and overcrowded housing units, in transportation vehicles and in healthcare facilities. 16 In addition to their security duties, employees in some understaffed LMIC prisons also deliver health education and promotion to prisoners, 17 increasing their likelihood of contact with infectious cases. Such exposures to personnel, however, would be markedly reduced if TB were to be adequately controlled among prisoners themselves. Despite being a high risk group for TB infection, TB screening programmes targeting prison employees are inconsistently implemented worldwide, irrespective of the country's economic status. 1618 A 2003 European Union survey revealed that only half of participating prisons implement routine (annual) screening for active TB or LTBI in their facilities. 14 Limited data exist on LTBI among prison personnel from LMIC correctional settings and in this study, we sought to provide empiric data on LTBI prevalence and correlates of tuberculin skin test (TST) positivity among full-time prison employees in Malaysia's largest prison, where routine screening for TB is not available.
METHODS
The study is a cross-sectional convenience TST assessment that was conducted among fulltime employees of Kajang Prison, the largest prison in Malaysia, from January to February 2011. Malaysia is a middle-income country with an intermediate TB (incidence=82 per 100 000 population) burden 19 and an incarceration rate of 138/100 000 population, 20 one of the highest in the Asia-Pacific region. The high incarceration rate is partially explained by the harsh criminalisation of drug possession as part of national antidrug policies. No formal TB screening policies or treatment of LTBI exist for either prisoners or for correctional staff within Malaysia's prison system. Chest radiograph is the only diagnostic tool used to screen for active TB when new prison staff are employed. No regular TB assessments are implemented subsequently in the Malaysian prison system. On the other hand, symptomatic prisoners are referred to the prison's medical staff for evaluation (passive case detection). Owing to the unavailability of diagnostic tools in the prison, most of the ill inmates are referred to a Ministry of Health hospital for further assessment. Kajang prison is a high security prison located near the capital and was designed for 3500 inmates, yet census exceeds 4000 inmates, operating at 119% capacity. At the time of the survey, there were around 1000 full-time prison employees, including correctional officers, healthcare personnel and administrative staff. Of these, more than half (N=550) worked in the first shift.
Based on prison personnel census being about 1000 and estimating that the prevalence of TST positivity among this population is 50% (unknown, but based on HCWs data in Malaysia) with a 5% margin of error, the sample size needed was 399 subjects (StatCalc, EpiInfo, CDC, USA). Owing to differences in work schedule, the recruitment was conducted by convenience for staff working during the first shift. With the assistance of the prison management, we delivered frequent reminders to each prison department to invite employee participation in the study.
Information sessions that covered the study content, risks and benefits were delivered to employees who presented at the screening site. Consented personnel were interviewed using a structured questionnaire, which included detailed sociodemographic information, prison work history, current rank and working department, previous TB screening, history of active TB disease, current tobacco smoking or alcohol use and history of chronic illnesses (diabetes mellitus, cancer or chronic renal impairment); HIV risk was not assessed. The WHO clinical scoring for TB screening in correctional facilities identified an individual's recommendation for further assessment for active TB disease. 6 The scoring system includes cough ≥2 weeks, expectoration (two points for each), fever, weight loss and chest pain (one point for each). Participants who scored 5 or more points were referred to a community hospital for further assessment (through chest radiograph) for active TB disease and did not undergo TST, until active TB was excluded. TST was administered by a single investigator (HAAA) through intradermal injection of two tuberculin units of Purified Protein Derivative (PPD) RT-23 (Staten Institut, Denmark) and induration was measured after 48-72 h by the same investigator. Induration size of 10 mm or more was considered positive.
The study protocol was reviewed and approved by the University of Malaya Medical Centre's Medical Ethics Committee. Participation was voluntary and prison employees provided written informed consent. Individuals who refused to participate were not in any way disadvantaged nor was their participation reported to superior officers. All participants with positive TST results were counselled about the importance of taking a LTBI treatment regimen. The Malaysian Ministry of Health, however, does not currently recommend treatment for LTBI except for people living with HIV/AIDS or children with direct contact to an active TB case; no staff members were ultimately prescribed treatment.
Statistical analysis
Data were analysed using SPSS V.19 (IBM, Sunnyvale, USA). The primary outcome was TST positivity. Categorical variables were presented as frequencies, while continuous variables were presented as mean or median and SD or IQR depending on variables' normality. Bivariate logistic regression model was investigated and variables significant at p<0.10 were entered in the final multivariate regression model and controlled for potential confounding variables.
RESULTS
Overall, 445 prison employees attended the information sessions and subsequently provided written informed consent. Four prison personnel had been previously diagnosed with active TB disease and were receiving anti-TB medications at the time of the survey and were excluded from TST placement. Out of the 441 prison personnel tested, 21 subjects defaulted on TST reading within 72 h, leaving 420 with complete data for final analysis (figure 1). Table 1 summarises the participants' background data. The majority of participants were men (88.8%), aged between 21 and 64 (median 30 years, IQR 26-42) and living in housing units provided by the prison department (71%). Most of the participants were lower ranked (wardens, corporals and sergeants) correctional officers (64.8%) and the majority was working as prisoner cell guards (71.7%). Most had not worked anywhere other than this prison before (76.4%). Most had been employed by the criminal justice system for an average duration of 60 months (IQR 34.5-132.0). The majority (78.6%) of participants reported close contact with a prisoner diagnosed with active TB disease inside the prison at some point, but only 61 (14.5%) of participants reported close contact with a known active TB case outside the prison.
Despite being at increased risk of TB infection, only 26 (6.2%) reported having been screened for active TB disease after joining the service, mostly due to presentation with symptoms suggestive of active TB disease. Five (1.2%) reported completing a previous course of active TB disease treatment, but no documentation was provided. The majority of officers had been previously vaccinated with Bacillus Calmette-Guérin (BCG, 98.1%) in accordance with previous Malaysian Ministry of Health TB vaccination policy (at infancy and during primary schooling). Nine (2.1%) participants had WHO clinical scores of 5 or more, but active TB disease was excluded in all after consultations at the local civilian hospital, and they were subsequently enrolled in the study. The exclusion of active TB disease was based on normal chest radiograph. Over half (56.4%) of participants were current tobacco smokers, 45 (10.7%) drank alcohol and 25 (6.0%) reported having diabetes mellitus.
The prevalence of TST positivity in this sample of prison employees was 81%. Mean induration size was 14.7 mm (SD=6.4). Figure 2 shows the distribution of TST indurations in mm in this sample. In the multivariate analysis, TST positivity was independently associated with having worked in the correctional system for 12 months or more (AOR 4.9, 95% CI 1.5 to 15.9) and smoking tobacco (AOR=1.9, 95% CI 1.2 to 3.2), after adjusting for other potential variables. These results remain unchanged when those with close contact with active TB cases in the community were excluded from the analysis, but the association of work duration with positive TST was insignificant (AOR 2.8, 95% CI 0.2 to 31.8) when the analysis involved only those who reported no contact with an active TB case inside the prison, indicating the possibility of the presence of intense TB transmission inside the prison, particularly with high prevalence of undiagnosed active TB among prisoners.
DISCUSSION
To our knowledge, this is the first structured tuberculin survey among full-time personnel of the Malaysian correctional system. The survey revealed an extraordinary high (81%) prevalence of TST positivity in this sample, which was associated with longer prison employment and highlights the potential occupational risk in this overcrowded setting that has no routine TB screening programme. The study also underpins the detrimental contribution of tobacco smoking on increasing risk of TB infection, particularly in congregate settings.
Important to these findings is that the TST positivity among prison personnel parallels recent reports of TST positivity among prisoners within this prison 21 and also from a remote prison in North-eastern Malaysia. 22 TST positivity is markedly higher than TST findings not only from the general population (36%) within this region, 23 but also among HCWs (52.1%) within the same state in Malaysia. 24 Together, these findings confirm that Malaysian prisons are amplifiers of TB, solely by virtue of entering these facilities, making them a health risk for prisoners, many of whom have HIV, and an occupational hazard for prison personnel.
Although limited data exist, surveys conducted in other correctional settings, albeit primarily performed in low TB burden countries, confirmed the elevated risk of TB exposure among employees of criminal justice systems. A tuberculin survey among full-time employees of a Canadian prison revealed a high (32%) prevalence of TST positivity that was independently associated with longer duration of prison service, travelling to a TB endemic area and BCG vaccination. 25 Of note, the majority (46%) of those prison workers with a positive TST had no other recognised TB risk factor; highlighting the possibility of unrecognised TB transmission from inmates with undiagnosed active TB disease. TB screening in the correctional system of the USA showed generally lower, but variable prevalence of TST positivity. A tuberculin screening involving 1323 prison employees in a New Mexico State prison system reported a prevalence of TST positivity of 10.5% (range 6.7-14.5%). 26 In another TST screening among yet another high-risk group, health workers in multiple correctional institutions in the USA showed high (17.7%) prevalence of LTBI, but a place of birth from a TB endemic region rather than occupational risk factor was independently associated with TST positivity. 27 In Australia, another low TB incidence country, deployment of TB control measures, including improved prisoner housing conditions, was associated with a lower overall prevalence of TST positivity among prison staff compared to inmates (6% and 11%, respectively) 28 and the relatively low LTBI prevalence (6%) was similar to that in the Australian general population (4-6%). A recent nationwide TB surveillance assessment in Kazakhstan identified prison employees as one of the major risk groups for TB, 29 suggesting that prison employees may represent a conduit for TB transmission from the prison setting into their respective communities.
The higher prevalence of TST positivity reported in this survey might be attributed to several factors. Correctional settings with limited implementation of evidence-based TB control programmes render these settings as reservoirs augmenting transmission of TB among inmates and staff members alike. 30 This was largely attributed to the missed diagnosis of active TB cases among prisoners and hence the facilitation of on-going TB transmission. 2531 Our recent study of an intensified TB case finding revealed a very high (12.0%) prevalence of undiagnosed active TB among HIV-infected inmates in the same Malaysian prison, 11 which may have contributed to the extraordinarily high reported prevalence of TST positivity among prisoners (88.8%) and prison officers (81.0%) in this prison. 21 Longer duration of working in congregate settings with limited implementation of infection control measures, implying cumulative TB exposure, increases the risk of infection and TST conversion. HCWs working in LMIC healthcare facilities for more than 1 year have a 1.5-2.4 risk of being infected with TB compared to those with employment duration of less than 1 year. 3 Our study shows similar result where prison employees working for more than 12 months in the correctional system were fivefold more likely to be TST positive compared to those working less than 12 months, implying that transmission occurs shortly after reporting to service. Moreover, the magnitude of increased risk among prison personnel is markedly higher than among HCWs. Similarly, TST conversion among police officers in short-term detention centres in Connecticut, USA, was associated with longer duration of tenure. 32 Tobacco smoking is common, and especially increasing in LMICs, and an underestimated risk factor for TB poses a major hindrance to global TB control efforts. 33 Through its direct damage to the lung structure and disruption of the respiratory immunological and cellular functions, tobacco increases the risk of LTBI and progression to active TB disease by about twofold, and worsens TB prognosis. 3435 In this study, more than half of participants (56.4%) reported current tobacco smoking, and the association with LTBI in our sample was similar to these previous reports and confirms them. Evidence-based treatments and structural interventions to reduce tobacco consumption may save lives by decreasing the risk of TB and related mortality, and should be integrated into TB control programmes, 3435 particularly in high-transmission settings such as prisons.
Prison staff members play an important role in bridging TB from prisons to the community, but such an association has not been adequately addressed. To properly control TB among this high-risk population, routine screening of prison personnel on entry into service and regularly thereafter needs to be implemented in the criminal justice systems. Unlike many hospitals that proactively address occupational risks, prisons often lack the resources and political will to conduct effective TB screening for their personnel and prisoners. 36 Consequently, TB screening programmes of prison employees are inconsistently implemented in correctional settings globally. 18 In the case of occupational risk for prison personnel, effective screening of prisoners is central to TB control. Although almost all (90.9%) European Union prisons reported screening of inmates on prison entry, only half implement annual TB screening programmes for their staff; mostly through chest radiography and TST. 14 Similarly, only half of the jails in the USA reported regular annual TB screening of their staff, in accordance with national recommendations. 16 Given the increased risk of LTBI among prison personnel, invigorated efforts are urgently needed to protect them through better screening and treatment of LTBI among prisoners and personnel alike.
Parallel control programmes need to be implemented to address TB control among prisoners, utilising passive detection and intensified TB case finding. 11 To properly address TB control, the WHO recommends the implementation of the 'Three Is' (intensified case finding, isoniazid preventive therapy (IPT) and infection control), particularly among people living with HIV, with particular attention to correctional settings. 37 Active case findings in prisoners and in prison personnel need to be prioritised together with regular monitoring of TST conversion and symptom development in this high risk group. 1 Infection control measures, including administrative, engineering and personal protection measures, are of utmost importance in preventing transmission in congregate settings such as prisons. 178 Personal protection equipment (PPE) use should also be enforced during transportation and admission to other facilities. 1 IPT, for at least 6 months, is an effective intervention in preventing TB, 38 but its utility in a high-transmission setting needs further substantiation. 39 A mass provision of IPT for gold miners in South Africa showed waning efficacy shortly after the end of 9 months of IPT, further confirming the intense TB transmission in such closed settings. 40 The implementation of these measures remains limited in most LMIC prisons. 3041 Although this study is limited by the unavailability of comparative data in the general Malaysian community, the reported prevalence of TST positivity in this study is higher than that in the general population in the Western Pacific region (36%) 23 and that among HCWs in Malaysia (52.1%). 24 The majority of participants were vaccinated with BCG as part of the Malaysian vaccination policy and though BCG vaccination may impair the specificity of TST, its effect is minimal after adolescence. 42 No association was found between BCG vaccination and TST positivity from previous TST surveys in Malaysia, 2122 and there was no association with younger age and TST, making BCG contribution to TST reactivity unlikely. Interferon Gamma Release Assays (IGRAs) offer a suitable alternative to TST in countries where repeated BCG vaccination is still implemented, but its advantage over TST differs with the TB burden of the country, being of less superiority in high-burden settings. 43 The Centers for Disease Control and Prevention recommend interpretation of TST irrespective of BCG vaccination history. 44 
CONCLUSIONS
The prevalence of TST positivity among the prison employees in this survey is high (81%) and documents the high likelihood of attributable occupational TB exposure by working in this high-transmission setting. In most settings worldwide, this occupational workforce is seldom provided adequate TB screening and there is an urgent need to prioritise TB control protocols for prison employees, particularly in LMICs. Central to these efforts are TB control efforts for prisoners themselves. Such TB control efforts should minimally include: (1) effective TB screening programme on entry to prison (inmates) or service (employees) and regularly thereafter; (2) isolation and timely access to treatment for infectious pulmonary TB cases; (3) deployment of infection control measures, including PPE; (4) IPT for prison personnel with LTBI; and (5) staff educational programmes to increase awareness about transmission risk of TB and prevention measures. 1245 Additional measures might also include addressing tobacco smoking cessation programmes, which may be integrated into occupational TB control programmes in prisons, and to improve personnel health.
What this paper adds
• Prisons house large numbers of people with or at risk for tuberculosis (TB), thereby potentially increasing occupational TB exposure to prison personnel.
• Surveys from two prisons in Malaysia showed high prevalence of latent TB infection (LTBI, >80%) and previously undiagnosed active TB disease (12%) among prisoners, irrespective of HIV status.
• Limited data exist about the prevalence of LTBI among prison personnel in lowincome and middle-income countries, including Malaysia.
• The study revealed extraordinarily high (81%) prevalence of LTBI among fulltime personnel of Malaysia's largest prison, and this was correlated with longer employment duration and current tobacco smoking.
• TB control programmes targeting prisoners and prison personnel are urgently needed to reduce TB incidence and ongoing transmission in the prison. 
